Abstract: Propylamine functionalized nanoporous silica (SBA-Pr-NH 2 ) was used as an efficient heterogeneous solid basic nanoreactor in the synthesis of 6′-amino-1′H-spiro[indoline-3,4′-pyrano[2,3-c]pyrazol]-2-one derivatives 5 through a one-pot, four-component condensation of isatin derivatives 1, activated methylene reagents 2, hydrazine hydrate 3 and β-keto esters 4 under solvent-free conditions at room temperature.
INTRODUCTION
The indole ring is the core structure of many alkaloids, natural products and medicinal agents. 1 Compounds containing this moiety present a variety of antibacterial and antifungal activities. 2 In addition, it was reported that substitution of the indole ring with heterocycles at the 3-carbon position significantly improves biological properties. 3 The resulting spirooxindoles are found in various pharmaceutical components and natural products (Scheme 1). 4 Heterocyclic compounds consisting of pyrano [2,3-c] pyrazoles with numerous biological properties, such as anticancer, 5 antibacterial, 6 antimicrobial, 7 antiinflammatory, 8 ChK1 kinase inhibitors, 9 antifungal 10 and molluscicidal activity 11 occupy a special place in medicinal chemistry. Thus, considerable attention has been focused on the development of new modified methods for their synthesis.
Spiroindoline-pyranopyrazole derivatives can be obtained through various synthetic methods. Shestopalov et al. reported a four-component reaction for their synthesis by condensation of isatin, hydrazine, malononitrile and β-keto esters using triethylamine in ethanol under reflux conditions. 12 This reaction can also be affected using different catalysts, such as piperidine, 13, 14 L-proline, 15 [DMBSI]HSO 4 , 16 Mn(bpyo) 2 /MCM-41, 17 Bmim(OH)/chitosan, 18 uncapped SnO 2 quantum dots, 19 4-(dimethylamino)pyridine 20 and meglumine. 21 Another common synthetic method for the synthesis of this class of compounds is a three--component condensation of pyrazolone, malononitrile and isatin in the presence of catalysts such as triethylamine, 22 ZnS nanoparticles, 4 L-proline, 23 K 2 CO 3 , 24 triethanolamine 25 and NaHCO 3 . 26 However these methods have some disadvantages, such as long reaction times, expensive and non-reusable catalysts and hard work-up or catalyst removal. In recent years, mesoporous materials especially mesoporous silica, such as SBA-15 (Santa Barbara Amorphous), have attracted considerable attention. SBA--15 is a unique inorganic solid support with high surface area, large pore size and high thermal stability. 27 Grafting various organic compounds on the surface of SBA-15 could improve the catalytic activity of the silica surface. Amino functionalized SBA-15 (SBA-Pr-NH 2 ) was proved to be an efficient heterogeneous mesoporous solid base catalyst that could be used in the synthesis of various heterocyclic compounds. [28] [29] [30] In this work, an attempt was made to develop a modified methodology in the synthesis of spiro[indoline-3,4′-pyrano[2,3-c]pyrazole] derivatives 5 using the green solid heterogeneous base nanocatalyst SBA--Pr-NH 2 under solvent free conditions at room temperature via a one-pot four--component condensation of isatin derivatives 1, activated methylene reagents 2, hydrazine hydrate 3 and β-keto esters 4.
RESULTS AND DISCUSSION
This report is devoted to the study of the four component condensation of isatin derivatives 1, activated methylene reagents (malononitrile or ethyl cyanoacetate) 2, hydrazine hydrate 3 and β-keto esters 4 catalyzed by nanoporous base catalyst of SBA-Pr-NH 2 under solvent-free conditions at room temperature (Scheme 2). In initiation of this study, various conditions employing different solvents, such as ethanol or water, and a solvent-free system with or without catalyst at room temperature were evaluated. Among the tested conditions, the best result was obtained in the presence of SBA-Pr-NH 2 using the solvent-free system at room temperature (Table I) . Under the optimized conditions, various 6′-amino-1′H-spiro[indoline-3,4′--pyrano[2,3-c]pyrazol]-2-one derivatives 5a-f were synthesized in the presence of SBA-Pr-NH 2 using several isatin derivatives 1a-d, activated methylene reagents 2a and b, hydrazine hydrate 3 and β-keto esters 4a-c. Results are summarized in Table II . Under these conditions, the reactions were realized easily to produce spiroindoline-pyranopyrazole derivatives in good yields. It should be noted that the presence of halogens on the reacting isatins (Entries 3 and 5) decreased the reaction time in comparison to that for to isatin (Entry 1). It may be related to inductive withdrawing effects of halogens on the carbonyl group of isatin. On the other hand, replacing malononitrile with ethyl cyanoacetate increased the reaction time, which was attributed to the competing formation of the Knoevenagel adduct of isatin and the activated methylene reagents. The reusability of the catalyst was investigated under the optimized conditions for the synthesis of the model compound 5a. As shown in Table III , the recycling process was completed four times with no significant decrease in the catalyst activity. The yields for the four runs were found to be 80, 78, 78 and 76 %, respectively. A possible mechanism for synthesis of 6′-amino-1′H-spiro[indoline-3,4′-pyrano[2,3-c]pyrazol]-2-one derivatives 5 is presented in Scheme 3. The initiation step begins with the two-component condensation of hydrazine hydrate 3 and β-keto esters 4 to afford the 5-alkyl-2,4-dihydro-3H-pyrazol-3-one 7, which was deprotonated by SBA-Pr-NH 2 . Then a fast Knoevenagel condensation occurred Table IV . In the current method, the basic nanoreactor with hexagonal platelet morphology, several reusabilities, ease of handling and removal from the reaction medium could make it an economic and efficient green solid heterogeneous nanocatalyst for this synthesis. Furthermore, the short reaction time, solvent-free conditions, room temperature and simple procedure are other advantages of this method.
Structure of the catalyst
The surface of the catalyst was analyzed by different methods, such as TGA, FT-IR and others, which demonstrated that the organic groups (propylamine) were immobilized into the pores. 29 The same ordered mesoscopic structured silica with (100), (110) and (200) reflections in the low-angle XRD patterns of SBA-15 and SBA-Pr-NH 2 indicated a two-dimensional hexagonal symmetrical array of nano-channels. This means that the structural integrity of SBA-15 was not affected during the functionalization reaction. Moreover, the TEM image of SBA-Pr-NH 2 confirmed the parallel channels were similar to the configuration of the pores in SBA-15. This indicated that during grafting of the aminopropyl-triethoxysilane (APTES) groups, the pores of SBA-15 did not collapse. 29 
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Materials and methods
The chemical compounds used in this work were all obtained from Merck and were employed without further purification. The IR spectra were recorded from KBr disks using a Fourier-transform (FT)-IR Bruker Tensor 27 instrument. The melting points were measured using the capillary tube method with an Electrothermal 9200 apparatus. 1 H-and 13 C-NMR were run on a Bruker DPX at 400 or 250 MHz using TMS as an internal standard. The mass spectra were obtained on an Agilent 5973 MS detector.
The physical, analytical and spectral data of compounds 5a-f are given in the Supplementary material to this paper.
Synthesis and functionalization of SBA-15
The nanoporous compound SBA-15 was synthesized and functionalized according to a previous report. The triblock copolymer Pluronic P126 was used as the directing agent for the preparation of SBA-15 as nanoporous silica. 32, 33 Functionalization of SBA-15 was performed through post-grafting of calcined SBA-15 with (3-aminopropyl)triethoxysilane (APTES, Fig.  1 ). 29 
General procedure for the synthesis of the 6′-amino-1'H-spiro[indoline-3,4′-pyrano[2,3-c]-pyrazol]-2-one derivatives
A suspension of SBA-Pr-NH 2 (0.02 g), isatin derivatives 1 (1 mmol), methylene reagent (malononitrile or ethyl cyanoacetate) 2 (1 mmol), hydrazine hydrate (80 %) 3 (1.4 mmol, 0.07 g) and β-keto ester 4 (1 mmol) was stirred at room temperature under solvent-free conditions for an appropriate time as indicated in Table II . Upon completion of the reaction as monitored by TLC (thin layer chromatography), the solid product was dissolved in hot ethyl acetate and the insoluble catalyst was removed by filtration. The filtrate was cooled to room temperature to yield pure crystals of a spiro[indoline-3,4′-pyrano [2,3- temperature and under solvent-free conditions. This procedure offers several advantages, such as short reaction times, mild reaction conditions, high yield of products, easy workup procedure, and reusability of the catalyst.
SUPPLEMENTARY MATERIAL
Physical, analytical and spectral data of compounds 5a-f are available electronically from http://www.shd.org.rs/JSCS/, or from the corresponding author on request.
